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Endovascular Repair of Aortic Rupture due to Trauma and Aneurysm
K. H. Orend∗, T. Kotsis, R. Scharrer-Pamler, X. Kapfer, F. Liewald, J. Go¨rich and L. Sunder-Plassmann
Department of Thoracic and Vascular Surgery, University of Ulm
Objectives: to report a single centre experience with endovascular repair of the ruptured descending thoracic and
abdominal aorta.
Design: prospective non-randomised study in a university hospital.
Material and methods: between 1995 and 2000, endovascular treatment was utilised for 231 aortic repairs; in 37 cases
(16%) endografting was conducted on an emergency basis for 21 ruptured infrarenal aortic aneurysms, 15 ruptured
descending thoracic aortic lesions, and 1 ruptured thoracoabdominal aortic aneurysm. The feasibility of endovascular
treatment and the prostheses’ size were determined, based on preoperative spiral CT and intraoperative angiography, both
obtained in each patient.
Results: endografting was successfully completed in 35 patients (95%). Primary conversion to open repair was necessary
in 2 patients (5%). Postoperative 30-day mortality rate was 11% (4 deaths). No patient developed postoperative temporary
or permanent paraplegia. In 2 patients (5%) primary endoleaks required overstenting and in 6 patients (16%) secondary
surgical interventions were required. Mean follow-up was 19 months (1–70 months); three deaths occurred within three
months postoperatively (1-year survival rate 81±6%). In one case, secondary conversion to open repair was necessary
14 months postoperatively.
Conclusion: the feasibility of endoluminal repair of the ruptured aorta has been demonstrated. Endoluminal treatment
may reduce morbidity and mortality, and may in time become the procedure of choice in certain centres. However, further
follow-up is required to determine the long-term efficacy.
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Introduction patients for ruptured aorta below the left subclavian
artery. During the same time-period 18 patients with
Aortic rupture is associated with a community mor- acute aortic rupture were considered ineligible for the
tality of 80–90%.1–6 Endoluminal repair may offer an endovascular treatment (Table 1) and underwent open
alternative to conventional surgery.7 Although the repair. These were mainly haemodynamically unstable
long-term reliability of stent-grafts is strongly debated, patients, or were lacking a proximal neck of at least
their use may be justified in patients who present an 15 mm or presented iliac aneurysms. In 3 patients no
unacceptably high risk for open repair.7,8 intervention was attempted. There were twenty-one
For these reasons, and following experimental evalu- patients with a ruptured infrarenal abdominal aortic
ation of endografting9,10 and a review of the litera- aneurysm (AAA), 8 with traumatic rupture of the
ture,11–13 we decided to manage patients with a rup- descending thoracic aorta, 5 with a ruptured des-
tured aorta by means stent-graft placement14 in this cending thoracic aortic aneurysm (TAA) one with a
high-volume thoracic and vascular institution. The ruptured type-B dissection of the descending thoracic
unit’s 5 year experience with the stenting of aortic aorta, one with a descending aorto–bronchial fistulae,
rupture distal to the left subclavian is now reported. and one with a ruptured thoracoabdominal aortic
aneurysm (TAAA). All 37 patients (women 10, mean
Material and Methods age 65, 5 years, range 17–92) were admitted with the
acute onset of thoracic or abdominal and/or back pain
Between 1995–2000, 231 patients underwent endo- and other signs such as hypotension. The patients’
aortic stent-grafting in our department; 37 (16%) recorded prehospital systolic arterial blood pressure
ranged from 70–110 mmHg. The mean delay from
∗ Please address all correspondence to: K. H. Orend, Department onset of symptoms to treatment was 8 (range 3–36) hof Thoracic and Vascular Surgery, University of Ulm, Steinho¨velstr.
9, 89075 Ulm. (Table 2).
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Table 1. Cases of patients with ruptured aorta below the left subclavian artery, treated either with
open or with endovascular approach (period 1995–2000).
Type Endovascular Mortality Open surgery
repair (n) (0–30 days) (n)
Traumatic rupture 8 1 2
Descending thoracic aorta
Ruptured aneurysm 5 – 4
Descending thoracic aorta
Ruptured Type B dissection 1 – 2
Descending thoracic aorta
Aorto–bronchial fistula 1 – –
Descending thoracic aorta
Ruptured thoracoabdominal 1 – 4
Aneurysm
Ruptured abdominal aortic 21 3 6
Aneurysm (infrarenal)
Total 37 4 18
Table 2. Preoperative status and postoperative outcome of patients with ruptured aorta, who underwent endoluminal therapy.
Aortic segment Preoperative statusc Postoperative outcome
Patients in Intubated Prolonged Tracheostomy Temporary
shocka ventilationb haemofiltration
Thoracic n=15 5 7 2 2 –
Infrarenal n=21 7 12 4 2 3
Thoracoabdominal n=1 1 1 1 – –
a Arterial blood pressure <80 mmHg.
b Ventilation >5 days.
c No cardiac arrest or reanimation in this group.
Preoperative imaging evaluation inserted over the wire and a 7-French pigtail catheter
was advanced into the aorta. Digital subtraction angio-
Eleven (30%) patients had already undergone a tho- graphy in breath-hold technique followed manual in-
jection of non-ionic contrast medium (Iopamidolraco–abdominal spiral CT scan in the referring centre.
The rest were scanned in this institution. No angio- [Solutrast 300, Byk Gulden, Konstanz, Germany]) with
the aorta turned to about 25° in LAO projection. For thegraphy was performed. The feasibility of the endo-
vascular treatment was determined using the CT study, thoracic aorta the adjacent origin of the left common
carotid artery was then marked with a needle and itswhile final sizing was determined by the intraoperative
angiography, with oversizing 10–20%. position was documented on a second angiogram. For
the patients with infrarenal lesions the same technique
was used with the renal arteries. The arm position
of the fluoroscopy unit was then frozen in order to
Intraoperative technique maintain the same exact position and zoom factor, and
a 260 cm Amplatz Superstiff wire (Boston Scientific,
Implantations were performed in the operation room Ratingen, Germany) was inserted, over which the
under fluoroscopic control using a mobile digital C- stent-graft was introduced following exchange of the
arm image intensifier. For the thoracic cases trans- 8-French access sheath. The prosthesis was deployed
oesophageal echocardiography (TEE) was also used. without breath-hold or lowering the patient’s heart
All patients were operated under general anaesthesia, rate or blood pressure. A completion angiogram in
with invasive radial and pulmonary artery monitoring. breath-hold technique was obtained in each patient,
Following surgical exposure, the common femoral while the pulse in both common carotid arteries was
artery was punctured and a Terumo wire (Terumo, checked, for thoracic aortic lesions. In all patients (8/
Frankfurt, Germany) was advanced (in 3/37 cases 15) with the traumatic rupture of the thoracic aorta
through iliac access). All patients received heparin LSA was covered. Intraoperative cumulative data are
given in Table 3.(5.000 IU) intravenously. An 8-French sheath was then
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Table 3. Intraoperative cumulative data. Median (range).
Duration of procedure (min) 105 (53–280)
Fluoroscopy time (min) 14 (5–56)
Contrast medium (mL) 121 (40–250)
Blood replacement (mL) 1250 (500–3000)
ICU (days) 6 (1–30)
Hospitalisation (days) 23 (4–52)
In the case of the patient (a 59 year-old woman) with
the ruptured TAAA (10 cm at its maximum diameter at
the diaphragm) a combined surgical and endovascular
approach was executed. Before the deployment of the
aortic stent-graft, revascularisation of left renal and
superior mesenteric arteries was achieved trans-
peritoneally by anastomosing these vessels end-to-
end to a bifurcated graft (Dacron) which had been Fig. 1. Preprocedural and predischarge computed tomographic scan
anastomosed to the left common iliac artery (LCIA). of a ruptured thoracoabdominal aortic aneurysm in a 59 year-old
female patient. Aneurysmal exclusion was achieved by deploymentSuperior mesenteric and left renal arteries were ligated
of 4 aortic stentgrafts from the proximal descending aorta down toclose to the aorta, proximally to each anastomose.15 the aortic bifurcation. Revascularisation of the left renal artery and
The right renal artery which was occluded – with no superior mesenteric artery was performed by anastomosing these
vessels end to end to a bifurcated Dacron-graft which had beenfunction of the right kidney – and the coeliac trunk
anastomosed to the left common iliac artery.were ligated. Four aortic stent-grafts were then de-
ployed from the proximal descending aorta to the
aortic bifurcation (Fig. 1).29
All thoracic aortic lesions (n=15) were treated with Follow-up protocol
tube stent-grafts (Fig. 2a, b), while in patients (n=21)
with ruptured AAA, bifurcated stent-grafts were used CT scans and duplex ultrasound were performed 3
monthly for the first year, and 6 monthly thereafter.(Fig. 3a, b). A total of 48 stent-grafts were implanted
in 37 patients (21 Y-grafts for the infrarenal abdominal For the enhanced CT study the parameters used were;
slice thickness, 3.2 mm; increment, −1.6 mm (caudo–aorta, 4 grafts for the patient with the TAAA and 33
grafts for the descending thoracic aorta (2, 4 grafts/ cranial), pitch, 0.875, while for unenhanced CT were
used the following; slice thickness, 6.5 mm; increment,patient). The devices used included Vanguard (n=2;
Boston Scientific, Hilden Germany), Corvita (n=3; 6.5 mm; pitch, 0.875. Contrast medium (iopamidol [So-
lutrast 300, Byk Gulden, Konstanz, Germany], 150 ml)Corvita Europa SA, Brussels, Belgium), Talent (n=19;
Hosmed, Munich, Germany), AneuRx (n=2; Med- was applied at a flow rate 3.5 ml/s with a 25–30 s
delay. Additional late slices were acquired at 90 stronic, Minneapolis, U.S.A.), Gore-Excluder (n=22;
Gore, Putzbrunn, Germany). with the following parameters; slice thickness, 6.5 mm;
increment, 6.5 mm; pitch, 0.875. All CT examinationsIn patients with ruptured AAA, we considered co-
existing internal iliac aneurysms an exclusion criterion, were performed using a Multislice-CT unit (Marconi,
Cleveland, U.S.A.). A multiplanar reformation (MPR)while significant angulation in the iliac arteries was not
considered contraindication for acute stent-grafting. of the arterial phase was performed in all cases. Angio-
Table 4. Thirty-day mortality rates with open or endovascular repair in different segments of ruptured aortas.
Perioperative mortality rate (30-day).
Aortic segment Other centres Ours, present study21,22
Open Endovascular Open Endovascular
Thoracic 15–29%43 0–4%a34 30% 7%
Abdominal 32–48%3,5,6,18 3%a,29 43% 14%
17%23b,31c
Thoracoabdominal 8–35%19,20 — 57% 0%b,c
a Results on elective cases.
b Only one case.
c Combined procedure (described in Material and Methods section).
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Fig. 2a. Preoperative computed tomographic scan and intraoperative
angiography from a 80-year-old female with ruptured descending
thoracic aortic aneurysm.
Fig. 3a. Computed tomographic imagine of a ruptured infrarenal
aortic aneurysm in a 68 year-old man.
Fig. 2b. Completion angiography after stentgraft repair and 36
months follow-up evaluation: computed tomographic scan revealed
complete shrinkage of the aneurysm and absence of secondary
endoleaks.
graphy was performed where endoleaks were seen on
Fig. 3b. Predischarge computed tomographic scan after stentgraft
the CT scans. repair indicated complete exclusion of the ruptured abdominal
aortic aneurysm.
30 days. Endoluminal stent-grafting was completed
Results successfully in 35/37 (95%) patients. The primary con-
version rate was 5% (2 cases: thoracic aorta n=1,
Data of hospitalisation, ICU, contrast medium, fluoro- abdominal aorta n=1). Two (5%) primary endoleaks
scopy time, blood transfusion and duration of pro- were detected postoperatively by CT and required
cedure for all 37 patients are listed in Table 3. Morbidity treatment (thoracic=1, abdominal=1). Both endoleaks
comprised of prolonged ventilation (>5 days) in 7, were sealed successfully by overstenting. Six (16%)
tracheostomy in 4 and temporary haemofiltration in 3 patients required secondary surgical or combined
patients (Table 2). endovascular and surgical procedures.
Infrarenal aortaMortality and conversion rate
The postoperative 30-day mortality rate was 14% (3/There were no intraoperative deaths. Four of the 37
(11%) patients with ruptured aortic lesions died within 21); on postoperative day (POD) 26 and 30 two patients
Eur J Vasc Endovasc Surg Vol 23, January 2002
Repair of Aortic Rupture 65
with ruptured AAA died after multiorgan failure (due In a 82-year-old woman with a ruptured TAA a
tension haemothorax required drainage via left lateralto prolonged preoperative shock), with patent endo-
grafts and completely excluded aneurysms. On POD thoracotomy on POD 5; complete evacuation of a
huge haematoma was achieved. Six weeks following21 a 75 year-old woman with a ruptured AAA also
died after multiorgan failure, following a conversion discharge, the patient developed pleural empyema in
the left thoracic cavity and died due to sepsis, afterto open repair, which was considered necessary due
to ongoing profound hypotension and inability to rethoracotomy.
One of the patients with the traumatic rupture ofadvance the delivery system through the stenotic iliac
arteries. For this group of patients with ruptured the thoracic aorta, whose left subclavian artery orifice
was covered developed rest pain in his left hand andAAAs, the primary conversion was necessary only in
this patient (1/21, 5%).One Type I (1/21, 5%) endoleak required a secondary procedure, a carotid-subclavian
bypass.occurred at the distal anastomosis of an inserted bi-
furcated endograft in a patient with a ruptured AAA. Only the patient with the aorto-bronchial fistula
required secondary (1/15, 7%) conversion to openIn a 66 year-old man, also treated for a ruptured
AAA, intraoperative angiography revealed complete repair; in this patient a Dacron graft had been placed
due to a traumatic descending rupture in the firstthromboembolic occlusion of the right renal artery
(previously patent), which responded to local throm- aortic segment, 10 years before. He was admitted in
our hospital with massive haemoptysis. Followingbolytic treatment by means of infusion of 20 mg rT-
PA into the right renal artery. Postoperative CT-scan bronchoscopy it was hypothetized that graft infection
had provoked the fistula responsible for the bleeding.revealed a 50% infarction of kidney, while there was
no reduction of renal function. In a 62-year-old man A homograft was not available and due to ongoing
haemorrhage, stent-grafting was used as a ‘‘bridging’’a large retroperitoneal haematoma had developed,
and was presumed to be splinting the diaphragm means. Fourteen months after endografting, recurrent
aorto-bronchial fistula due to proximal stent-graft mi-(manifestated with increased positive respiratory pres-
sure). This resolved after the haematoma was evac- gration required transthoracic open repair.
uated through a limited retroperitoneal approach.
Descending thoracic aorta
Postoperative neurologic statusThe postoperative 30-day mortality rate was 7% (1/
15); on POD 22 a multi-injured patient, a 73-year-
None of the patients presented a transient or per-old man died after endoluminal treatment of acute
manent, acute or delayed paraplegia and/or para-traumatic rupture of the descending thoracic aorta;
paresis. There were also no secondary neurologicdeath was related to severest traumatic co-injuries and
deficits during the subsequent follow-up period.appeared no procedure-related or related to secondary
aortic rupture. In a 75-year-old woman treated for a
ruptured TAA, a thromboendarterectomy of the right
femoral and external iliac artery was required to
achieve a sufficient access route. One primary con-
version (1/15, 7%) to thoracotomy was required in a Follow-up
40-year-old woman with acute type-B dissection and
acute rupture of the descending aorta at the primary In 29/37 patients absence of secondary endoleaks was
confirmed by CT scan (for both thoracic and abdominalentry tear; 20 h after the initial seal of the primary
entry tear by the stent-graft, a secondary rupture of aorta) and duplex ultrasound (for the abdominal aorta)
during the follow-up period. Mean follow-up was 19the partially thrombosed false aortic lumen occurred.
The patient discharged on POD 19. A proximal type- months (1–70 months), survival rate and standard
error (SE) (1-year: 81±6%, 2-year 68±9%. Apart fromI (1/15, 7%) endoleak was revealed in a patient with
an acute traumatic rupture of the descending thoracic the already mentioned 82-year-old woman with the
tension haemothorax who died of pleural empyema,aorta. In a 19 year-old man also with an acute traumatic
rupture of the descending thoracic aorta, rupture of a 88-year-old woman died of myocardial infarction
and a 85-year-old man died of fulminant pneumoniathe external iliac artery occurred, during the removal
of the 24-F-sheath; revascularisation was achieved by within the first 3-month postoperative period. No
secondary rupture of any aneurysm has occurred.an iliaco-femoral bypass.
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Discussion aortic rupture can be treated with immediate aortic
stent-grafting in a significant proportion of cases with
early results that are at least as good, and probablyThe definite survival of a patient who experiences an
better, than those of conventional surgery. However,aortic rupture depends on the efficiency of the sal-
many questions regarding the cost, generalisabilityvation mechanism. Effective field resuscitation, rapid
and the reliability, safety and longevity of the tech-transport system, prompt preoperative evaluation and
nique remain to be answered.appropriate intervention in a high-volume institu-
tion1,4,7 consist the links of the rescue mechanism for
all categories of patients with ruptured aortas, either
due to chronic disease or due to trauma.
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